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ABSTRACT

Polycystic ovary syndrome (PCOS) can be mainly defined as a gynecological problem accompanied by an
endocrine disturbance in females and can be seen mainly during their menstruation age. Worldwide PCOS
prevalence ranges between 6% and 10%. Many of the risk factors are responsible for the pathogenesis of PCOS.
Environmental factors such as environmental toxins and obesity play a major role in the occurrence of PCOS,
*Corresponding author: followed by the hormonal disturbance in androgen levels, that is, hyperandrogenism, and insulin levels, that
Rakesh Kumar, is, hyperinsulinemia. The previous studies have suggested that there is a major contribution of genetics in the
etiology of PCOS. However, there is no strong evidence about the mode of inheritance of PCOS. It has been seen
that there is a strong correlation between environmental, hormonal, and genetic factors which follow a vicious
cycle in the development of PCOS that leads to ovarian dysfunction, metabolic syndrome, that is, metabolic
abnormalities include insulin resistance, obesity, hypertension, dyslipidemia, and abnormal cholesterol level. The
detailed study of PCOS is one of the most central topics in female reproductive endocrinology. On the other hand,
kumar.rakesh@smvdu.ac.in the syndrome has been extensively investigated; however, its definition and pathophysiological aspects are still not
very clear. The idea behind the current review was to make a non-systematic review of already published literature
through PubMed and Google Scholar search. The keywords searched and publications were related to polycystic
ovaries, including the incidence, environmental factors, genetics, hormones, as well as their association. The aim
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Quick Response Code: INTRODUCTION

Polycystic ovary syndrome (PCOS) can be defined as a complex combination of chronic
anovulation (menstrual dysfunction), hyperandrogenism, and gonadotropin abnormalities
with the presence of polycyst in the ovaries."! Anovulation is basically a menstrual dysfunction
followed by amenorrhea, oligomenorrhea, and dysfunctional uterine bleeding, which is the most
common cause of infertility. Most women suffering from PCOS are only diagnosed when seeking
infertility treatment. Women with PCOS face difficulties in conceiving, resulting in primary or
secondary infertility. Hyperandrogenism is mainly related to the overproduction of androgen
hormone which can be identified by hirsutism, acne, and obesity.”? Gonadotropin abnormalities
mainly arise due to defects in the gonadotropin secretions which cause an imbalance in the
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luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) levels, leading to a rise in the LH and FSH ratio.”
PCOS is a multigenic disease involving discrete genes, and
interaction between genes, the interconnection between
genes and surroundings has been seen, which influences
the development of PCOS. Although the definite reason
for PCOS is not very clear; according to studies, the
association of insulin resistance, obesity, diabetes mellitus
type 2, dyslipidemia, metabolic syndrome, hypertension,
cardiovascular disease, hyperplasia, and endometrial
carcinoma has seen with the syndrome.” A detailed study of
PCOS is one of the most central topics in female reproductive
endocrinology. Therefore, the current review aims to update
the evidence regarding the pathogenesis of PCOS and
emphasizes how genetic, non-genetic, and hormonal factors
lead to the progression of PCOS.

INCIDENCE

The frequency of PCOS has increased over the past years and
in 2020, it is estimated that the prevalence of PCOS worldwide
ranges between 6% and 10%.") Among the Asian population,
the prevalence of PCOS is widely varying. It is estimated
that the prevalence in China is 10.1%.[) The prevalence in
Thailand is 1.81%." Iran is about 3%." Pakistan is about
20%."" As compared to western women, Indian women have
a higher prevalence of PCOS with a range of 3.7-22.5%.1"

RISK FACTORS ASSOCIATED WITH PCOS

Various risk factors are responsible for the development of
PCOS including genetic factors, non-genetic factors, and
hormonal factors [Figure 1].

Non-genetic factors

Several lifestyle factors and environmental toxins play a key

role in the pathophysiology of PCOS.

e Environmental Toxins: Environmental toxins refer to
the chemical pollutants present in the environment.
These chemical pollutants can enter the human
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Figure 1: Risk factors associated with PCOS. PCOS: Polycystic
ovary syndrome.
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body by inhalation or absorption by the skin and
mucous membranes.""! One of the common toxins is
endocrine-disrupting chemicals such as tobacco, lead,
mercury, pesticides, and industrial pollutants which
have the potential to interfere with the hormone-
sensitivity system.!'!! There are shreds of evidence that
show significant and longer effects of these toxins on
reproductive health.!"?

e Obesity and Diet: Obesity has been considered a risk
factor contributing to PCOS. It is considered the major
threat around the world due to the increased prevalence
among women. It is the result of diet, stress, and sedentary
life which later affects the reproductive process.!*! Obesity
in PCOS women increases the risk of hyperandrogenism,
hirsutism, insulin resistance, and infertility.""!*!

Genetic factors

Several studies have suggested a major contribution of
genetic factors in the etiology of PCOS. However, no strong
evidence regarding the mode of inheritance of PCOS has
been reported yet. A study by Kahsar-Miller et al. suggested
that first-degree relatives of PCOS patients are at higher risk
of developing PCOS.!""! Many candidate genes are involved in
the biosynthesis and metabolism of ovarian steroidogenesis.

Disturbance in the transcription of these genes leads to the

up-regulation of androgen levels. Genes are mainly involved

in the ovarian steroidogenesis of PCOS which includes

CYPI11A, CYP21, CYP17, CYPI19, AR, and sex hormone-

binding globulin (SHBG).["

e CYPI11A: CYP11A encodes the enzyme P450 which is
key for the synthesis of cholesterol, steroids, lipids, and
drug metabolism. The enzyme catalyzes the reaction
by converting cholesterol to progesterone. This step
is the main rate-restricting step involved in androgen
hormone synthesis. Gharani et al. have reported an
association of CYP11A gene with hyperandrogenism
and PCOS."™! Several studies were conducted in
several areas of the world which concluded the
association of PCOS progression with CYPI1A locus
having repetitive sequence TTTTA at the 5UTR
region."” Furthermore, Zhang et al. studied the
significant association of SNP rs4077582 in CYPIIA
with PCOS development along with the altered level of
androgen.

e CYP2l: CYP21 encodes the enzyme P45021-
hydroxylase that converts 17-hydroxyprogesterone into
11-deoxycortisol. The inactivation of P45021-hydroxylase
leads to the futile anabolism of steroidogenesis.!
According to a recent study, the association of the CYP21
with excessive androgen levels has been reported.

e CYPI7: CYP17 encodes the enzyme P450
17-hydroxylase/17, 20-desmolase required for the
17-hydroxylase activity. It converts pregnenolone
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into  17-hydroxypregnenolone and progesterone
into 17-hydroxyprogesterone. According to a study,
CYP17 contributes to the abnormal androgen level
and development of PCOS.?! Further, a study
revealed the association of an unusual T/C single
nucleotide polymorphism at the promoter region of
CYP17 contributes to the abnormal androgen level
and development of PCOS.”’! Later, the study by
Pusalkar et al. concluded that Indian women have a
high frequency of allele C with PCOS and are prone to
develop hyperandrogenic features among them. 2"
CYP19: CYPI9 is responsible for the aromatase, essential
for the formation of estrogens.’® According to the
study, a decrease in aromatase activity has been seen in
obese and lean women having PCOS, accompanied by a
decreased androgen level.® A study was conducted to
check the polymorphism of CYPI9 and SNP rs2470152
and concluded the association of heterozygous TC with
an elevated level of testosterone which is involved in
the aromatase activity.”” Furthermore, the study was
conducted to check the association of different SNPs
rs700519, rs60271534, and rs2414096, which concluded
the significant association with PCOS development in
the Indian population.?”

AR: AR is also an Androgen receptor gene. AR is present
on the X chromosome. It consists of a weakly associated N
terminal domain having extreme CAG repeats.?? Several
studies have shown the role of CAG repeats and AR
which concludes the elevated frequencies of AR and CAG

repeats among PCOS women.***! Furthermore, according
to the study, inactivation in the X chromosome causes
disturbance in the normal cellular mechanisms that lead to
an increased level of androgen which leads to PCOS.™!
SHBG: SHBG encoded protein products that maintain the
sex hormones levels, and binds with androgen, estrogens,
and testosterone with high affinity." The synthesis of sex
hormones is managed by several metabolic factors, that
is, insulin and androgen.*"*? According to a recent study,
there is a significant association between single nucleotide
polymorphism and the SHBG.**! Studies suggest that
there are shreds of evidence of SHBG polymorphism
which shows the association of long TAAAA repeats with
prolonged menarche.

Besides that, PCOS can be considered a kind of ovary
functional hyperandrogenism. As the above-mentioned,
abbreviated genes contribute toward not only ovarian
steroidogenesis but also cause reproductive dysfunctions
along with metabolic abnormalities seen in women with
PCOS [Figure 2].22¢!

Hormonal factors

Hyperandrogenism: Hyperandrogenism can be defined
as the classic alteration in the normal ovarian function
which results in the overproduction of androgen.®
Hyperandrogenism can be confirmed by calculating the
levels of total serum testosterone, sex hormone binding
globulin SHBG, 17-hydroxy progesterone, and free

Figure 2: The outline of pathophysiology of PCOS demonstrates the biosynthesis of androgen. PCOS: Polycystic ovary syndrome.
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Figure 3: The merciless cycle among hyperinsulinemia and hyperandrogenemia for PCOS development. PCOS: Polycystic ovary syndrome.

androgen index.” Although multiple factors are
involved in the origin of hyperandrogenism which
is mainly attributed to the ovary along with adrenal
dysfunction and lesser influence from fatty tissues. Most
women with PCOS have high levels of LH and low FSH
during their menstrual phase. The disturbance in the
normal phenomenon leads to the elevation in the level
of LH that promotes the production of androgen which
detains the follicular development and the drop in the
FSH promotes the growth of small follicles.*!

e Insulin Resistance: Insulin resistance can be defined as
the inability of a cell to respond well to insulin either to
a normal or increased level of insulin.* The disruption
in the mechanism leads to metabolic abnormalities in
PCOS. The occurrence of hyperinsulinemia in PCOS
women was first reported by Burghen et al., in 1980.1!
It has been seen that PCOS women are prone to develop
glucose intolerance and metabolic abnormalities followed
by clinical manifestations such as ovulatory dysfunction
and hyperandrogenism.***?  Surplus insulin acts as
cogonadotropin either independently or along with LH on
thecal cells and enhances the production of androgen.*’!
Insulin acts directly on thecal cells with LH to enhance
androgen production and by acting indirectly reduces the
production of SHBG and IGF-1. Furthermore, elevated
levels of androgen stimulate VAT to produce FFA which
contributes to insulin resistance [Figure 3].[*1

Correlation between genetic, non-genetic, and hormonal
factors

PCOS is a complex disorder, in which multiple factors are
responsible for the pathogenesis of the disease. Factors such
as genetic, environmental, and hormonal play a major role in
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Figure 4: The interconnection between the risk factors responsible
for the development of PCOS. PCOS: Polycystic ovary syndrome.

the development of PCOS.?? According to genetic studies,
it has been seen that females with PCOS commonly have
two main genetic alterations in the androgen metabolism
process and insulin metabolism process, along with a high
incidence of genetic polymorphism. Moreover, studies also
suggest that environmental factors such as environmental
toxins, obesity, and diet play a major role in the development
of PCOS. It has been seen that the genetic alterations and
environmental factors influence hormonal dysfunction
which, in turn, leads to elevated levels of androgen, that is,
hyperandrogenemia, and elevated levels of insulin, that is,
hyperinsulinemia.[*>#*! Furthermore, disturbance at hormone
levels promotes multiple problems such as hirsutism, acne,
menstrual disturbance, metabolic disorder, and cardiovascular
disorder serves as major symptoms. The combined effect of all
the factors contributes to the prognosis of PCOS [Figure 4].
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CONCLUSION

PCOS is an endocrine disorder accompanied by a metabolic
disorder, mainly seen in women of reproductive age. Although
the etiology is not very clear yet, the adverse effects of PCOS
on ovulation and fertility are well known; therefore, the PCOS
condition needs more attention. The condition becomes more
adverse due to the major metabolic abnormalities which lead to
multiple complications in females. The evidence available thus
far suggests a strong correlation between the environmental,
genetics, and hormonal factors in the pathology of PCOS.
Understanding these factors will help in better management of
this disorder. It has been concluded that women suffering from
PCOS have two main genetic alterations seen in androgen
metabolism and insulin metabolism with increased prevalence
of gene polymorphism. Moreover, in recent times, studies
are more focused on the molecular aspects such as genome-
wide studies, for the identification of genetic factors, that is,
candidate genes and pathways contributing to the complexity
of this disorder and to analyze the exact mode of inheritance
of this disease. Furthermore, studies on lifestyle factors
have shown that PCOS women suffer hormonal imbalance,
metabolic  dysfunction, and reproductive abnormality.
Moreover, environmental factors such as environmental
toxins, diet, and obesity play a primary role in unveiling
genetic susceptibility. Nowadays, treatment strategy needs to
target the steriodogenesis genes which are mainly involved
in the progression of PCOS which will pave the way for
the development of personalized medicine, diagnosis, and
treatment of PCOS, along with the hormonal parameters.
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